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, Using simulated MIDDLE GUST III dynimic env]ronment, sponse of repre- ,
sentative structures at various ranges near. the crater|fas-beed anal zed;) '
“ -

environment in high-explosive (HE) tests.

Define free-field dynamic crater environment, starting with an HE
event (MIDDLE GUST III), using results of a recently completed
numerical simulation. ‘ .

Develcp simplified methodology for determinfng structure-media
interactions in the grossiy-deforming nes crater environment.

'Evaluate response and vulnerability of representative buried
structures exposed to near-crater environment. :

4sing-simptiriad Models.. For examplie, the MX-B vertical shelter (

{s predicted to be destroyed in the crater margin due to decoupled effects
of peak ground shock pressure (crushing), dynamic ground shock gradient
{plas.ic hinge}, and late-time differential displacement (plastic hinge). (%)

Distinct layering in the MIDDLE GUST III geology (probably typical of many
target sites) substantially affects structure vulnerability to dynamic
ground shock gradient and late-tima differential displacement from cratering
flow. (.3) . - ; '

Environment near nuclear craters will be more severe than near HE craters,
due to effects of 5-10 times higher peak overpressure at crater radius.
Thus, HE sources alone wil]l not simulate the combined environment effects
near nuclear craters. (¥

If test sites which are chosen have no strong reflective interface at a
relatively shailow depth, the near-crater environment for model structures
will probably not be as severe as for full-scale structures near nuclear
craters in typical layerad geologies.
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SUMMARY

'Tﬁe technologies of cratering, ground motions and non-linear
structural response have been brought together to develop and ‘
apply a simplified methodology for analyzing the response of
structures in the grossly-deforming crater-margin environment.
The effort has resulted in initial steps towards identifying and
quantifying major kill mechanisms in this combined effects
environment.

DEFINITION OF NEAR-CRATER ENVIRONMENT.

‘Numetical cratering solutions provide the only current msans
for complete description of the dynamic environment near craters.
They provide stress and displacement histories of the near-
crater environment which can be used to evaluate the vulner-
ability of structures. ‘

Experimental data primarily consist of permanent dis-—
placements from sand columns. HE data has been reviewed and
correlated with scaled slant range in different tests and media.
Data scatter is very large, about a factor of four in weak soils.

The detailed definition of the free-field crater environ-
ment from a recently completed numerical calculation of the
MIDDLE GUST Itl HE event has been used in the current investi-
gation. The peak compressive stress contours for MIDﬁLE GUST II1

show an important characteristic of this layered geology, namely

the rapid attenuation which occurs in the more dissipative
shallow soil layers above the rock layers. Thus, shallow-buried




structures may be nubjecped to a less severe direct-induced

~stress environment than deeper structures in the rock layers.

Also, a sharp displacement gradient occurs at the soil/rock
interfacs. '

VULNERABILITY OF STRUCTURES NEAR CRATERS

Simplified soil/structure 1nteiaction methods have been
developéd to evaluate the respbnse of structures in the
near-crater environment. These techniques are used to examine
the separate effects of peak ground shock, dynamic ground shock
gradient and cratering flow displacenment. '

Pailﬁte due to Peak Gzound‘Shock:

A finite-element soil/structure analysis was used to
evaluate the relationship b§tween free-field stress and
soil/structure interface stress. Given this relationship, static
collapse analysis waes used to determine structural vulnerability
due to ground shock. |

In the uIDDLE,GUST II1 near-surface wét geology, the peak
interface stress was found to be essentially the same as the peak
free-field stress. Thus, the predicted collapse.contours for
typical structural cross-sections are determined using the peak
ground shock pressure.

Failure due to Dynamic Ground Shock Gradient:
The early-time bending response cf atructutes is excited by

the temporal and spatial gradient of the Qround shock along the
structure length. A finite-element analysis of soil/structure




interaction showed that utzqctures are 1nitiélly accelerated with

" the free-field ground shock motion. Thus, the free-field ground

shock motion wae used to define the early-time dynamic loading on

the structure.

Finite-element beam (2-D plane stress) models were used to
evaluate the early-time bending\responaé of vertical shelters and
silos placed in the simulated MIDDLE GUST III dynamic ground
shock gradient. The maximum predicted range for destruction of
these vertical structures are in the crater margin.

Pailure dué to Cratering Flow Displacement:

The late-time bending response of structures was evaluated
using a quasi-static finite-element beam analysis procedure with
non-linear soil springs to account‘for the soil/structure

interaction loads which occur during cratering flow.

Tﬁe response of shelters and silos was considered for the

. MIDDLE GUST 11l geology (wet clay'over weathered shale), using

the calculated free-field crater flow displacement. These
results show a substantial drop in peak bending stiess near the
crater edge and the sjgnificant effect of the clay/shale

. interface.

CONCLUSIONS

Based on the‘teeuits of this exploratory program the
following conclusions.ate drawn:

e Using simulated MIDDLE GUST III dynamic environment,
reeponse of representative structures (MX-B shelter and
STP silo) at various ranges has been analyzed using '
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structural engineering models. These structures are
predicted to be destroyed out to the following maximum
ranges due to the decoupled effects of: ,

Environment. (Failure) MX-B STP
peak ground shock pressure .85 ft 50 ft
‘(crushing)

dynamic ground shock gradient 58 tt 50 ft

(plastic hinge)

late-time differential displacement 55 ft <30 ft'
(plastic hinge) '

These ranges are all in the cratez margin where the
‘crater radius is at 55 ft.

e Distinct layering in the MIDDLE GUST III geology
{probably typical of many target sites) substantially
. affects structure vulnerability to dynamic ground shock
gradient and late~time differential displacement from
cratering flow.

e Environment near nuclear craters will be more severe than
near HE craters, due to effects of 5-10 times higher peak
overpressure at crater radius. Thus, HE sources alone
(hemisphere of TNT or capped cylinder of ANFO) will not
simulate the combined environment effects near nuclear
craters.

e If test sites which are chosen have no strong reflective
interface at a relatively shallow depth, the near-crater
environment for model structures will probably not be as
severe as for full-scale structures near nuclear craters
in typical layered geologies.

@ For structures testing, it would be desirable to select
sites with representative scaled layering, and to field
structure models both entirely within lavers, and
extending between layers.
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PREFACE

This final report describes (primarily in briefing format)
an exploratory investigation of environment and response.
phenomena for buried target structures in crater margins. The
investigation was performed for the Defense Nuclear Agenc? {DNA)
under Contract DNAOO1-80-C-G168. The DNA technical wonitors were
Dr. Kent L. Goering and Maj. Myron E. Furbee.

The authors have zeceived valuable assistance from many
discussions with D. L. Orphal, S. 3chuster, M. H. Wagner and
Prof. R. B. Nelson. In addition, Y. Muki and F. W. Ross-Perry
provided éssistance in the performance of the numerical

calculations.
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CONVERSION PACTORS

To Metric (SI) Units

To Convert From Multiply By
dogrco‘ (angle) radian (rad) 1.745 x' E -2
foot ‘ matexr (m) 3.04¢ X E -1
inch meter (m) 2.540 x E -2
pound-force (1bf avoirdupois) newton (N) 4,448
kip (1000 1bf) newton (N) 4.448 X E -3
pound-force/inch® (psi) Xilo pascal (kra) 6.894
kip/inch® (ksi) kilo pascal (kPa) 6.094 x £ -3
ton (t) ‘ megajoule (MJ) 4.183 x E +3
kiloton (kt) ugajloule (m)_ 4,183

A more complete listing of conversions may be found in "Metric Practice
Guide E 380-74", American Society for Testing Materials.
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SECTION 1

" INTRODUCTION
1.1 BACKGROUND

Poek'ovezpreesute (Apmax) on the surface is widely‘used as | .
the kill criterion in\tatgeting studies. This is because 8Ppax
is applicable to both HOB and contact bursts, and Lecause it is
predictable with some confidence, and because it is largely
independent of target media.. There are situations, however, in
which Apmax is overly conae:jative or even a misload;ng kill
criterion. 1In particular, to kill structures which are hardened
to withstand the effects of several thousand pei ovyrpressures
may require such small miss distances for an airblast—dnly kill |
that the structure will be within or vety near the crater. In
such locations, other effects - notably direc: gzound shock and
cratering action - become suhstantial, if not overwhalming
factors in the sttucture kill.

Instinctively, one believes that any practical military
structure which is close enough to a burst to be within the
actual crater or even in the grossly-deformed region immediately
surrounding that crater will be convincingly destroyed by the
severe combined effects of direct ground shock, airblast-induced
ground shock, and large local gradients in displacementa.' However,

in a recent near-surface burst test [1] ha»e in which model
structures were buried near the expected edge of craters (i.e., in
the region we will zetez to ae the "crater margin®™), the model
structures survived even though they were ejected from the crater. .

13




1.2 OBJECTIVES

The rather surprising results of these observations for
model structures near HE craters indicate a need for more
complete understanding of the response of buried structures near
craters. It is the overall objective of this 1nvestigation‘to
contribute to such understanding through: ‘ ‘

e Definition of the nature of the dynamic environment
within the margins of craters formed by near—surtace
bursts over various generic media, and :

e Examination of the response and vulnerability ot generic
sttucturea in that environment. '

1.3 APPROACH

Within this overall objective, the 1nvestigation consisted
ot the tollowing tasks: ‘

i} Review of experimental data for model structures exposed
to the near-crater euvironment in HE tests. .

2) Destailed definition of free-field dynamic crater
environments, starting with an HE event (MIDDLE GUST
II1), using results of a recently-completed numerical
-calculation on another contract (DNAOQl-80-C-0265).

3) Development of simplified methodology for defining
structure-media interactions in the grossly-deforming
near--crater environment.

4) Evaluation of response and vulnerability of represen-

tative buried sttuctures exposed to neav-cratet
environment.

14
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SECTION 2
'"OVERPRESSURE AT CRATER RADIUS

- This section gives the peak overpressure at the crater
radius 1n‘var£6us media and a‘comparison of simple-geometry
high-explcsive (HE) and nuclear (NE) bursts. It is noted that
the environment near nuclear craters will be more severe than
near HE craters, due to effects of 5-i0 times higher peak
overpressure at crater radius. Thus, simple-geometry HE sources
alone do not simulate the combined environment effects near

nuclear craters.

15
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SECTION 3

EXPERIMENTS WITH STRUCTURES NEAR CRATERS

Several high-explosive (HE) tests involving surface or
near-surface explosions have been conducted to obtain data on the
effects of nuclear weapone on various buried atructu:es. Some of
these results have indicated that even the severe environment
within or near the edge of craters may not be sufficiernt to

‘produce aesured destruction of some hardened targets. 1In.a

recent test r;, rainforced concrete thin-walled box-type
structures located near the surface in silty clay did not
collapse, even though they were ejected fiom the crrter of a
buried charge. L '

This is perhaps an extreme example, and the military utility
of a target structure which has been tosted about and tbtally
disoriented is questicnable, even though the integrity of the
shell may not have been totally violated. On the other hand,
such evidence raises doubts about any easy assumption in target-
ing studiea that structures within craters are aseuredly
destroyed. In addition, not all such structures necessarily
become bazt of the ejecta. Those especially which a2re in the
crater rim or which impinge intoc the crater (even substantial
distances; may not only survive but may alao be only moderately
disoriented.

This section gives a summary of the key tests with
structures near craters. It is noted that most scaled-structure
models were not exposed toc the severe deformation which occur

llhhln ctatets.
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SECTION 4
DEFINITION OF NEAR-CRATER ENVIRONMENT

Numerical cratering solutions provide the only current means
for complete description of the dynamic environment near craters.
They provide stress and displacement histories of the near-crater
environment which can be used to evaluate the vulnctlbility of
structures.

!xpoiinontal data primarily consist of permanent displace-
. ments from sand columns. HE data has been raviewed and corre-
lated with scaled slant range in different tests and media. Data
scatter is very large, about a factor of four in weak soils.

The dotatlod detinition of the free-field crater envtzon-
ment from a recently completed numerical calculation of the
MIDDLE GUST 111 HE event has been used in the current 1nvostlga-
tion. The péak conpteaqive»stzese.contouru'tot MIDDLE GUST II1
show an impozrtant characteristic of this layered geolbgy, namely
the rapid attenuation which occurs in the more dissipative
shallow layers. Shallow-buried ittﬁctures may therefore be
subjected to a less severe environment than deeper structures in
this geology. Also, a sharp displacement gradient occurs near
the material interface..
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Figure 9. Permenent Displacements from Hiddle Gust Event 3. All Data
Kere Megsured in the Soil at or near the Surface.

* (From Carnes, Ref. 15)
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t.

0.01

Scaled Total Displacement D'

0.001

LR L

Figure 11.

1.0
Scaled Range A, ft/1b'®

Range of permanent displacement for varicus geologic
media for surface tangent and above surface charge

‘geometries (Ky is the value of Dt at A = 1.0).
. (From Carnes, Ref. 15)
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SECTION §
RESPONSE AND VULNERABILITY OF STRUCTURE3 NEAR CRATERS

Simplified soil/structure interaction methods have been
developed to evaluate the response of structures in the near-
crater environment. Thoso'techniquoa are used to examine the
oepa:ate effects of peak ground. ohock, dynamic ground shock
gradioxt and ctatezing flow displacement. Current vulnerability
analysoc i.volve the MIDDLE GUST IIll1 HE environment as defined by
recently completod numerical simulation.

Pailure due to Peak Ground Shock:

A tinite-element soil/structure anilysis was used to
evaluate the relationship between free-field stress and
soil/structure interface stress. Given this relationship, static
collapse analysis was used to determine structural vulnerability
due to ground shock. |

In the MIDDLE GUST III near-surface wet geology, the peak
interface stress was found to be essentially the same as the peak
free-field stress. Thus, the predicted collapse contours for
typical structural cross-ssctions are determined using the peak
ground shock preasure.

Failure due to Dynamic Ground Shock Gradient:

The early-time bending reponse of structures is excited by

the temporal and spatial gradient of the ground shock along the
structure length. A finite-element analysis of soil/structure

interaction showed that structures are initially accelsrated with
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the free-field ground shock motion. Thus, the free-field ground
shock motion was used to define the sarly-tiase dynamic loading on

" the structure.

Finite-element beam (2-D plane stress) models were used to
evaluate the early—-time bending response of steel tilt gages,
MX-B vertical shelters and STP silos placed in the simulated .
MIDDLE GUST 'III dynamic qzound shock gradient. The maximum
predicted zanée for destruction of these vertical structures are
in the crater margin. It should be noted that the numerical
results for the tilt gages are consistont with observed experi-
mental data.

Pailure due to Cratering Flow Displacement:

The 1ate-£ime_bending response of structures was evaluated
dsing a quasi-static finite-element beam analysis procedure with
non-linear eoil.springs to account for the soil/structure inter-
action loads which occur during cratering flow.

The tdsponse of steel tilt gages, ux?s shelters and STP
silos was considered for the MIDDLE GUST IIl geology (wet clay
over weathered shale), using the calculated troe;!ieid crater
flow displacement. These results show a substantial drop in peak
bending stress near the crater edge and the significant effect of
the blay/shale interface.

62




*)D0YS punolan Ae9J o3 °onQ BAnTIeI ‘7 aanBrg

tp

UOTIO95-8801D d9aN3y UQHUW

SSIYLS 3ISdV10)
' SS3YLS @1I1{-334 Wvid

NO1173G-SS0¥) NIVYLS INVY

914VIS

¥IOHG GNNOYY ¥V34 OL 3ng 3¥NIVY T°G

to

: 34NV
:avo7
11300} :

1SISATVNY

63

3
'Rl

"

BN

S

¢
4

A

e
¢

%JWWW‘W%WﬁW?“'?WN'?
A AR S - KRR LS AR
PPN AR ehy t.‘.f&')\'a.'f' AR SN e

SRR

SO TV
2y f&‘{'ﬁﬂ

Mhahisy

a
L§

N

L&'\‘

Ve




*9INTTPF TVINIONIIS 9IUNTRAD 03 pPokordle oq uewd ~vi o8/ F v LOTFTIAWTS

petdnooun ‘dJYsuOTIVIOI STYI USATH °‘soanssord BOEFIOIU} LNADLIIS/TTO8
puw saxassexd 108 preT; 0017 uUseMlIeq SdTYSUOTIRTOX VIvjdvadde sjzenieans

03 I9pa0 UT AILSSEORU POISPFBUOCD svM Yowoxdde puURTS] ®INIONIIB/TFOS OLy

‘ *3uedTFTubTs 89q uwd vsuodssex TRINIONIIT

uo 9zu?MTIUT ITOY3 pue juepusdep werqoxd ATybIy exe s3d93FFe sseysz yjog
*Buyyoaw 1yo8 nwﬁz pe3wyoosse uoyr3Ionpex aanssexd 9ovZIL9IUT BANIONIIB/TTOS
-X0F JUNOOOR URD OBTR PURW UOTIOOTFOX OLvM DTWRUAD YITM DPO3RTOOSS® sSoIns

-s91d 90RFISIUT 9INIONIIS/YFO8 UF SISELIIOUF I0F S3IUNOOOR Yowvoadde pueysy’

8xIN3oNII8/IT08 BIUYL °S9aIN3ONII8 OTaxeusb puv ‘sorboTowb BnOoTIvA I0I7 pOUTW
~1938p 9q uRd SAANES9Id VOVIASIUT SINIONIIS/TIT08 8y} puv soansssxd JO0ys
putioxf pToetT3 9917 Yy} us9MlIOq UOTILIOX ® ‘yovoxadde Hujirepow STYI YITM

*9IN3ONX3}S PUR BORFISIUT SINIONIIS/TTOS 9yl HUTUTPIUOD

pueTsT TI0s ® 03 SUOT3TPuod Xrepunoq se sysijeue HUTIVFLIO BOUSIBIFTD
93TuTy Aq usaATh serx0o3zsTy aanssexd )yooys punoixb pTaTI 9813 °BY3 SISN
aanpeocoxd syj °)¥ooys punoxb 03 onp SUOTIOSS TTPM UTY3 pPOTIng FO Buipeot
8y3 s3eniea® 03 pesn aanpeooad TeoTISWNU BY3I BOIVIISATIT musmwu 8TYL

64

oy
W

3
%
NG

>

2y
S

rl )n:“
hipr it

By
AW

s

e
¥
.
Y

%

L4

G

e

KATAAn
ARAL

W
5

&

7
ol

£

Y iY?

34




*}d0yS punoxy Aq 8a1nIdINAIS PA[TEM-UTYL JO BuypeO] [VINIONIIS JO UCTIBNTEAT *G7 SanSrg

. §3INSSd1dIdeFaAdIUT
aanjoniis/1ros

M

*gaansgoad wonuumuaa eIN30nI38/TT08 SUTWISISP OF [OPOW JUSWST® BITUTF OINIONILS
/1108 uo SUOTIFPUCO Axepunoq se mwﬁuouaﬂn aanssexd )ooys punoab PI9T3 @813 @80 T

"*UOTIVO0T 8xnjonx3s Hujuyejzuocd puvisy [}08 puncaw
¥o0ys punoab PI®T3 oouu sugjep .-ﬁuaacca bugiejzvio oocouwuuav 937Uy woxg °g

“%IOHG ONNOUY AE SIUNLINYLG GITIVH-NIH| 40 ONIGVO] IVHNLONYLS 40 NOTLVATVAJ

65

HECECAVATE AL P PRI L F v

Yy Ly

LIt

O
PEEO A

SEL

FEALY

JESHIE

CETATENE

Sy

”
a

FOESL,

REJES ar O

S

»
.

el

2
-

>,

DISHE2




‘oTeys puew 81708 Aerd 29M 38NY SIPPTH v, peoerd sean3

-ona3s Jo twoydi3 seanssaad 90RJFIVIUT VINIONIIS/TTOS SNSBIBA
PI9T3 @917 203 81)30R3J UOTIONPaX X0 uoyjeoiyyubew sjetyaidoadde
SUTWIa3ep 03 ST [OPOW PURIST 9INIONIIS/TTO8 SY3 JO JUIJIUT BYL

*3UBWUOCITAUS III 3ISND STPPIW BY3 uf m»vnou.msoﬁuc> ae peoerd
pue (yadep 317 §) ®ovjang 8y3z IVau pe3IwdOT (SZT1° = 3/3) 8IM3

-oNI38 Xoq 939I0uU0d ¥ JO Huyprol oyl SUNTEAd O3 pPaIsn Tapow .

PURIST @aN3onI3s/1Fo8 ufewils osuerd oyl smoys aanbTI STUL

66

AL AT SRR it

WA IRV H TR U DRSO D

AT DDA TS

[y

R4

73

2200 Mo kL AN VT SRR Vet




*3J04y§ puncay YITA uofIdwaVIUI

3IF 21

F o1

soviang

—

67

YOOYyS PpUNOIn Y3ITM UOTIORISIUL
e3enTvAd 03 Pasn TOPOH puelsl
°IN30N33g,/TT08 JUeWRTd SIFUTI

AN EEVEITE AN SN

LY L S S YO R MO0 N OIS I T Lo LR DA O RO TG




,'n \(,f.? &!‘v‘g‘*:@ Nﬂ,““_.t &.:r-.gw X

N

B SN SN N

W

o

TNy

-
AT

»
at

*arquorTdde 9q j0u pinom seanssead (108 PIITJF 9913 Ywed uo peseq g1siTeur

) tgotbotoeb esoyl 104 “°([(yz'ee) aebT Aq umoys se ‘esderToo Tvany

-onX38 Uy 9101 uedyiubys v sieyd m:«zouc 1708 ‘sanssead y3ym seswaiout
yabuerys xwvoys eaeym .vcnu oxﬁa eIpoWl U IO ‘OTeYs UT S8INJIONIIS 105 ©

-y PR
-&".\‘L \‘ﬁ{'ﬂ-

, *geangsexd pretr3d 393 yead
buysn sesiieur OyIVIS uo peseq pourojiad oq uwo ssdeyioo 103 sasdAyeue
fexnjoniys ‘snyl °sexnssexd pPIOTJ 9913 oy3z 03 juaTearnbe haauaucwwmw
oq 03 umoys @xe Yooys punoxb y3ztm pejeidosse goangsoxd mocmnuwcﬁ 8103

-onI38/1708 ‘s1eiey AviO 3I9M ®Yy3 UT JUSWUOITAUD® IIXI ISND STPPTH o:u Io3 ®

e

N

68
P B P A

*{€z] aoHFR woxz wiwp jejuswtiedxs

YITA JUPISTEUOD ST STYL ‘SUOTITPUOD 9sey3 xopun AeTo 38m uy JuedTFTubys

j0u 87 (1708 8yl Aq POTIIRD PROT OY3 UO BSWIDUT ue Aq pesned goinssaid

90VJIBUT 9INIONIIS/TTOS UT UOTIONPOX) futyoxe Tyo08 ‘sSnyl °‘oyIeIs

~0xpAy ATTPTIUOSSD . UTVWEX 859138 JO 893W3S eIoym ‘sT1TOos yjzbueals mol jo

Tvo3di3 s§ x0FARyeq yong °soxnssead (YO8 PIOTF 8813 Y3 03 jueTeATnbe

AtTetrjuesse sxv soxnsssad eovjIejuy ousuonuun\ﬁaoa yeed oy3z ‘unypeuwt

STY3 ur °*Aerd 3eM 9Y3 UT PIIVDOT SOOVIIGJUT BSINONIIS/TTOS 03 peyidde

soangsexd pejeTnoRd 8Y3 YITM [OpPOA puURTE} ©INFONIIS/[TO8 oyl 03 peyidde
seanssexd P19TZ 9033 III I8N eIPPIW JO :on«ucmsco ? HOATH ®anbyi SIUL @

SR

O

IRt

AN P Y

RELOLEQOIPLLT ALY

g




*JussuoxyAuy 111 150H ATGAIN uF eBuwy 33 ¢C 3w eIwjasul )
$ANIINIIG/ITOS B0 SOINSSSIJ YIFA S8aANESSId 308 PIeld sex} jo uosyawdmon - °f7 wandii

#0RJI9UI SINJONIFS/TTOE IV seanssexd _ 1708 U} seanssexd PIoTd @914
E ] Ty - , s ML
e L R ) 080 208 8 0s- . e 2.-.- 8...-‘ 00 e -
¥ |
- - -~ - 1 900
AN - X .
L ” -§ 0002~ m
- sooe- . =
=1 | 3 1| O
.
L L oo0t A A o0
, , 1wl : .8...!: :
k] 2188 ey 900 tre ete’ (k] 200
1 P.n Eou- " ] o
w
pueysy :oMJ
i 30 Axepunogq
8 IME : sl ]
tee 9188 [ ] 990 0en 2199 e e 900 :
‘ L) 3o olor- "
-1 W09 - wes-
- oo~ m s0er- m
~f sver-
Syl d -3 | O
| oont L £y 381
- L o R YT 53 e

S6EYLE UVIHE ~=—wwoommsim FHEHULS IVIIIYIA emny sonme GETULES TVIAVY somesmcomans .

e e b Ty S SN P

TR I EN T AT

i

”»
L%

o

—
(R

el
A

w g M

»
-

I

.
-

AR

s
L%

5ol

TR

X LOLEH

=

MU RS R B Chp s

-




P rumewmi e okt wes e e

CAE e L e PR O, AE A, WD A i S o it IR N, P s S o, (e T

o]

I SVLE)

d g

L]

N

D i

AT B

70
% ﬁ:‘rf.

. *8uoT300es8
- -88030 0838 SNOTIRA IX0J eanssead esdeyloo OTIVIS ey3 Emoys einbyj aﬁna_o

HARRTRS GO T

- *soangsexd punoxb xwod 8Y3 UO POSV] BOINIONIIE

SNOTIVA JO 98dulT09 93IPNTRA® 03 D. SN BI8AM aouhawcn or3e3s ‘Abotoed III

IsNY SIPPTH Avio 38M eyl uy seansrexd SOWFINIUT VINIONIIF/TFOS 8y} O3
jueTeArnbe ATTeTIUesse 8] O3 PUNOZ ©xeA seanssexd PIOTZ-991F Oy OOUTS @

TRORAX

LAWY

L CRERR O L COrees

3
NS




(¥sd) eanssazg essdef(o) 29pUIT4D

000°S2 000°0Z 000°ST 000°0T 000S -
- T T T T T -
-
@
e
a
&~
]
. 3
-t | ]
. [
"]
~
3
2 &
3 -~
o )
g B 3
B : 2
. °
» »
<2 &
o
5 ]
3 Jo 2 ¢
g 23 3
E . v
- °© &
¥ 23
R s 3
. = e =
x S =1 E
- © . .
- 13
“ : S
o -
2
NN g 3
N a
X ©
= ®
L4 § -4
R «
_l. = 3
‘ S \SSNRNRNAN P S
b . .
b LA
§ "
[
M
.mv
H - i i i 1 ° 8
i -000S 0007 - 000€ 0002 . 0001 2
: (1sd) ?anssaxg asder10) xog e
71
T RS IR SR PRV LV IS LA S it R G LS I 5 R v e Ses

/.v»




' |

]
'i"
-

3

v
»

LS

LAY

L e

PUNEAANGALS CRhah

w7,
W

-~

SaY

358

R

]
L,

>

AR

Tt

A

72

*A1earioedsex ‘ysd 000z puw y8d 0021 jo exnssexd esde(10d OFIvIs
oAvy (0Z° = P/3) OIS 4LS Y3 puv (ZT° = P/3) IOITOYS g-XW OY3 3Iey3l ©3ON ©

VERRIN GO,

L
By

*SUOT}008-E80ID
93910U0D PEOIOFUFEX I07 oxnssexd esdel(00 O7IVIS VY3 smoys danbr] STYL e

YT

%

4504

IRCE

ht

L)

[

m




(38d) sanssaig aclerr0) 19puUTIL)
000y 000¢ ' 0002 0001 : ® e
o : ~ v
' ' ' . [ . 3
L2
=
|9
&
0N
1)
¢ L}
. ~ «
-~ =
. -t
Lol
L
o
2
7 L ]
® »
£ 3 4
g 3
| o
o~ | V]
. g
D ” °
. 3 . S
@ 2 b
1 } . -
a ° 3
3 >
- el s
ad : [~
L ad -1 . -~ =
11 s @ o~ “ b
-9 2 - u O
o -1 . Q U
§ ] - o o
- ° 4 S S
1 .. T et '.‘t‘.'.‘j ] .5 , 5
] I ] .o : . &
- ] . - c v
1 b | ] : a
: S X A e . 3
, -4
-]
(3]
13}
< pet
(=] ]
. &b
L]
o
o~
[
e
1 1 1 1 1 =3 g
000T - 008 009 00Y 00z P :

(i+8d) sanssaag asdetro) xog

3

W TN K . o ; '-*v-‘-y' My ol Y’ 1* G R - R Y TR ~ b, Tp¥, Ve el (S g et Sl Vah Kad LA » i el F LWy
&‘*ﬂ?ﬁﬂmnﬁ R O R e R R L R e T R R S R A i e




*obpe 837 Iveu 03 IVJUID OYJ UT MOTIPYsS OIW

(80°0 = p/3) XODUTTAL puw (pT°0 = 3/3) XOq 19938 I03 S8INOJUO0D @sdelio) o

*obpo uouauo 9Y3} IVOU WOXF INO PUSIXD (ZT°'0 = P/3) uovcﬂahu
pue (8Z°0 = 1/3) xoq ouwuonoo P9oI0JUTel 103 BINOJUOD anmcaﬁou .

$)o0ys
punoxb xeed III 3ISND OTPPIW X0 sysATvuw esdeTy00" oF3Wys ©Y3 uo pesed

J

74

§

e

‘

PNTATS AT
YRR

'\
> T ¥,

R

e
ER
o

B
Curd

oy

Y

ALY
"aVa

Ty
L]

vy
A m

SR AN
CLEEN o

Y

iy ¥
T A AU AN

Y

it

AR

r

A

*d

MU g
{, AL
Re A% SL e AR

—
ﬁ:ﬂ’ X

o

DU
AN

TR AR
LA RLLER

£

>

M

N

W

SENTRULY e

20T

e 4
«$

Ig 39
WAL

AR



SRR

L
RESRNANS

‘889135 9ATSsa1dwo) Awad vo paseq ‘iveke] AW[D I°M 1I1 IsSnO
) - ¥1QUIH UF SUOTIVNE-$601D [PANIDNIIS I0J 8IN0JUCY B8dRI[v) PIIdTPRig *0g @ansyy

‘:;S.- '

E5¢3¢

W4
rr

.

(3190)) »luey

09 oL 09 0s o 0¢ 0e - ot 0
1 ! I } J 7 ] L4
aqnx.v #8311 9ATSs31dwod pajernOTEd LT
o1wys i . \ \ \ / ‘
: Juazadmos | s L 6 €1 81 e 8t ¢y O€
- v 9 8 € 144 8¢ <9 98] 02
““
ateys I1° = ‘\U YI° = ﬂ\“ 80° = v\u . , - - - - -
paaayven A9pur1dd *o°y x0q (2938 140 19938 7 .,-/3:9_._ aa3va) .
] ’ :
9 ‘V 2 N 9% 201 cLl
. o LA
8Z° = 3/3 llvn —
x0q )y -
’3 8¢ 69 907 ao4
Ke1d> 39
. Ly €61 880°1 0
CT ] I
| 1 { } ) | | d (=
’ ik MR IR T I I T I T R P I R ~)

P -
A

T

(3993) yiaaq

75

¢
DL AL A PR P A R TN R g
.')"ﬁ.‘)\.)"A a ".A.P.b"v}"f" 3 :l %

il

Sy NP
PR SIS RCX a4 O

huht

-

AR PSS
T G

a38e

Pl S
Fad i Ny

AIELY
e ye )

-
.

i

e

| ¥ B




= - .
T A e
e T T T S

»
e

L

s
-
el

‘L’-

1
R
[

76

- %@{m’:&:‘mz-t::&::;zz%:f{:mm%mzmmm}m}m:xzmm* R R R

L

i - /
i .. .
{ .. ; . .
C . \
! : s




)
p
[
L
L
%
N

HRH

x

*3U3TPRIY }JOOYS punoan oyweudq o3 ong San[red ‘i1 2an8ry

i €
S
A,

i
3

s

2IN3oNI3g
weoag-]

»
' \
a

\
N\
SRR

I

[ A
IS

*et

-
i

MEAY
e

i

SRS
A

")
i
LELmis
25!

(2°K) &

N\

TN CRA
ISy

>
S

77
ot

N\
!
79525355

(L) a

£GP
NN S

JONIH O11SV14 . :3un1iv4

- SITYOLSIH IWIL-ALIJ0TIA ATHVI
0L SL1d G3ZIW3G NO Q3sVE S3IJH0J 1V

W
AF

P AT
s . A
PRENF

\ "\ f‘g:'

»

FUNLINELS Wyag t73doy

EALH
L e

Tt
3

JIWVNA( :SISATVNY

;,.i
W

_
355

’e
)

r
ST

INIIQV¥G ¥IOHS GNNONY DIWVYNAJ OL 3ng 3¥N1IV4 Z'G.

A Ph
>

i
2

”
AEREA

[

FEFETH,
ot

-

I3

i,




8Yy3 jJO Tepow mweq FUSWATE ©ITUTF ® uo BurpeoT anmwhv ay3
pPesn §¢ uoricw Xooys punoxb preyy &913 oy3z eanpeodoad TeostlATeue sSTY3I UL @

“cweeq 8Y3 JO BUOTIVIS8 SHOIOE

. PaIIndoo0 I9jsueI} IvsYs Ou pepraoad PTaTF @913 OY3 JO UOTIOW paqraosaxd

. : 9Y3 Y3ITM SAOW pPINOM Wesq 9y3 JO UOTIO8S yowe Hutumsse Aq poutwislep
8T 9anjoni3is 8yl jo Tspoul weaq psidnoosp 8yjy 103 Buypeol TPuIdlXe oyl o

78

*9aIN30NII8
autyep 03

o .euﬂuosuuw 8yl jo yjzbusg
oys buore uwotizow xooys- punoab sy3z jo Juetpeab Ter3eds pue outy Teatxae
ay3 Aq poaToOXs BT S3IN3ONIIS omaussdon peTInq 3o ®suodsex burpueq ayrL e

IR I LI

«J

-
-

o

AN Sl 2 DRI R I I D S Ser
AR A S S AR AL AR AL
LT W 4."“-_'(\*.‘ AT

N

' ‘.'a -
e

b
s

Ty,

A.,‘y,,‘ e

MR TN T
U A AN AT AT A
A T AL

N

"

w'
hy

el

N

CRAA b
ind

.
ARNN

%

»
e
L

i

RPN

AR

N

z

f
|
{




‘IUITPRAD YO0YS punoiy 03 Ing dsuodssy Suppusg 18an3on13g jJo uoglenyeAd °zg¢ ansirg

b
BN

-

.

:. y,
- = :_Eo....:}nn S o=

*jusuznbus Yooys Huyanp [Tos PIOTI Vi 8yl YITMA S9AOW weaq a8yl JO uotldos
yowe jeyy Hujungse paujwiezsp s§ buipwvor esTnduy wesyg -jepow wweq peidnooap
® buysn ‘queypeab )ooys punoxb y3fm pejejocsse esucdsex TRaAN3ONII8 @jenieAm  °Z

'l

- — |
A
‘@anjonaals buote yidep yitm Kiea

_ oWyl TeATIIR puv epn3tldue XOOys 3wyl 30N °8IN3ONIIs JO ebuwa 3¥ sUOTIOW
¥ooys punoxb prerz 9913 uy3z sujjep ‘sysAteue HujIaINIO QOUGASIFIP WITUTF woxg T

e

AN31QV¥g XOOHS GNNOYY OL 3N 3ISNOdSIY ONIANIG TVHNLINYLS 40 NOTLVATVAJ

79

(P,

OO

O R R0 0 T T Y YO 0 BN P Y T T Fo TR LR DR A RGN AR 0% AR AR T




*g307d juenbesqns 8yj3 uy vGNﬁunessn 9aw gesiteue 9S8yl

Jo s3Insex eyl -esundsex Bujpusq ayey3l uo uarpeab xooys punoab jo
8309339 9yl O3IVNTRA® 03 PozATeuw ©I89M III 3ISND OIPPIW UT peow(d seanlzonils
3173 SnOoTIvA BY3 ‘pwuoTiusu han:Oﬂ}wum sexnpecoxd TeorjzAreuw syyz buysn

gaIn3onIys 3ITTI yabuel ,02 mpu SeoIayMm .voawcu.a.m puz ,G) sexnjonays
I933I0Yys 9yl ‘oIowraylxng °paIIei I=3eID 8yl OpIsuy peorld seanjonixys 8Y3z 3O
owos ‘I9ASMOH ‘9suodsex OT38RTSUT 9I9ABS dduoiIedxs Jou PIP {sbuea 3003

0S < ‘*9°1) obpe I93wIO 8Y3 BPTSINO poowld #9INIONIIS TI® IRYI 89320TPUY
80IN3ONI38 3BAYJ JO UOTIRUTWEX® 3803-380d ¥ °@buvxr 3003 Op 9yl 3w

buyixels oovyaus 8yjz Iesu peowld 9a19M 8BOYL °*,0Z Pue ,6 ‘,S 'pe3sel o1oMm
goanjoni3s y3zbuel uaIe8IITP ©9IYylL °III ISND SIPPTW UT sebuva snojiea 3%
.voocam-nousuo:uua uoTav3l0x puv 3ITF3I Jo esuodsex buypueq ewyl A1ave eyl
@3enTvA® 03 pPosn oinjonajs odyd 10938 POTIPM-XOTY} ILIBWRTP YOUT-9 ®

3O (sseox3s suwid (g-z) Topow wwaq (woydAy v sejevxisnily Sanbyy syyL [ 3

*TRUOT3IOUN POUTRWAL

80

i
v

P

R R T T R A TS R L T

A R R Nt




YUY

BEAM MODEL

F(y)

t
ASSOCIATED FORCE LOADING

F
lcnﬁ Model of Buried Steel Tilt Structure in MIDDLE GUST 16314 Environment,

Figure 33.

FREE-FIELD GROUND SHOCK
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SECTION 6
CONCLUSIONS AND RECOMMENDATIONS

Based on the results of this exploratory program, the
fulilowinvg conclusions and recommendations are drawn.
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